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U.s. RBAL PRODUcr AND REAL FACTOR INPUl', 1929 1967

LAUlUIS R. ClDJsTENSBN AltD DALE W. JoaoENSON

U1tiwrrII~of WI.Mm.r6r _ HarNnl~r

The objediYe 01 thII paper is to pnmde a cemc:eptual basil lor lepMatiq social product and
social r.et~ input alXlOllnts into price and qUlUlt[t, componeats. Despite the cpeRtial similarity
IIctwecn ccmcepts of real product aDd real r.clCK i_put, the mDasuremaM of social factol' outlll.)'
Ja COUlmt prba 11 Dol wdI _abtilhed ill IOClal l.l:COuntm. ptlGtic:e.

Prodlldion 8llXlOUD1s arc cc.trueled 101' tho UJlited States fa~ aad cODSIant Jlrices,
lM:llJdiq sodat prod1lC:t aDd IOdl1 raetDr oull." tar the period 629-1967. The resu1lifll
esdDlllks an applied to the measutemeIlt of total ractor pnMluethMy aad the ItUdJ of tho
.........._ ..- 01 product and factor Jnt-.itfa to price chimps.

1. INnODucnoN

Within the framework of lOCiai accounting the production account includes an
aUocatioo. of the total social product amon. final uses such as private aDd public
consumption, capital formation. and net exports. The factor outlay account
includes a similar allocation or factor outlay among producti'Ve factors-labor
services and various type' of capital services. As an accounting identity the
value or the scc.ial product is equaJ to the value of outlay. on factOf services
required for production. The objective of this paper is to provide a conceptual
basi. for separatiol social prodoct aDd social factor iIlput into price and
quantity components.1

The measurement or social pl'odoct in current and constant prices is well
established in accounting practice. For most countries with production accounts
a ICparation of the social procluct into price and quantitycompononts is ....ilabIe.
Eadl deliYery of locial product to final demand involves a commodity or 5Ci'vicc
flow that may be separated into price and quantity components. Quantities
aod prices of individual oommodities and services arc combined into indexc1
of reat product and its price or implicit deftator.

An analysis of the IOUroe& of economic Irowth requires the measurement
of social factor outlay in current and eoMtant prices. The conceptual basis for
separation of factor outlay into price and quantity COmpolHllltl is identical to
~bat for social product. Each outlay OD factor savices most be separated into
price and quantity componenu. Price and quantities of tho individual factor
services are combined into indexes of real factor input and its price. As an
illustration, tbe value of labor ~ices may be divided betwclcn waac rate and
quantity of labor time. The product of the two is the outlay on labor scrvic:es
or labor compensation.

11'hc measurement of... r.ctor Jupat in COIIIt.... prIcea was~ by CopcJuacI (6J
mil .., beeIl cIiIaMiIed from the ncwpolnt of lIClCil1 accoUDliq bJ StoDo P3l. x-trict [241.
md 1....._ mel Grl"1Chea mI. Sad8l factor Joprt In conltMlt pric:eI Is not Included in 1M
UDited Nadom Qlttllll or IlaDdard MtIoul aa:oantl (31) ClI' In the uaited Stata -.tioual
inc:omo and )lI'Oduct accounts (21. 29, 3OJ.
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Dcapik the CSSClltial aimiluity betweco concepts of real product and Ral
factor jopat. die D1ClU1lfeJ.2lCat of aociallactor omla}' in constant prices is not
well atabli&hcd ia IOCial accounting practice. The 'chid" IaDaininI problem is
the mcasun:meot 01' capital input in real lerma. We haw: attempted to provide
a conceptUlll buill for maalUriD, real capital input in a PtUioul paper.. An
acc:oaatiDt imputation is req1rired for' separation or outlay on capital llel'vices
into price and quantity componeats. Our method for imputation is baled on the
conapoDdence betwem uset priCClaod lIerVicc prices implied by tbe cqUBlity
between the Talue of' an aaet and tho dilCounted nJuo of its aonices. This
method for imputatiOIl requires tho••e data u tho perpetual inwntOl}' method
for lDCUlIremaJ.t of capital Rock. tosetber with etata OD property compensation
b7 JepI form of orpnization.

In thil paper we preKot production accoUDtI for the UDited Stata iu CUtTalt

aad COIlIIant prices. inc1udin, IOcial product and social factor outlay. for the
period 1929-1967. Dcconlolidati01l by commodities or by industrial sectors
may be carried out alonl conWllltioaaI Ii... resultin, in product and factor
outlay accoUilti for earJ. sector and iIloorporatio, intct-induatry traDlaCti01ls in
curreot and COIlJtant prices. Income, expeaditure, and capital finance accounts
may .Iso be separated into price 8Dd quantity compoocnb. The uses of capital
finance COrrespond to cbanICS in the quantity of national wealtb. whIle revalua
tions correspond to changa in itl price.:S In this paper we discuRII price and
quantity measurement only for the production account.

The principal applications of measura of real product and real factor
input are to the stUdy oCproduction. We apply our estimates to the measurcIDellt
of total factor productivity in tlte United States. We 8180 measure the elasticity
of subltitutioJl between Iaboc and capital input and the elastkit)' of'traMforma
tion betwceo inYlCltment and consumption Soads output. Our study or total
factor prodoctiyity exteDds that of JMgm~on ad Gtiliches [23J, providing
mcasnrcmeau for. collliderably loDger period of time llIld analyzinl the Itowth
ofreal factor input in more dcitail. Our eatimatel of the elalticities ofsubstitution
and tnDlformation proYide an alternative characterization or production
possibiJitiClll to that given by Arrow, ChcDery. Minhas., aod Solow [2J.

2. Tm PllODucnON ACCOUNT IN CtJ1luNr PRICES

The fuDdamental lICCountiq ickntity fOt the production account is that the
valnc or output is equal to the "alue of input. Lettin, tJ. repretC.Dt the price of
the tth outpllt and Y. itl quantity and lettin, PI RIprelCnt the price of the jth
input and XJ its quantity, this accountin8 identity may be written:

'I Y1 + q,Y.I + . _. + g. YI!'l :z PI Xl + .P2Xll + ... +P.X..,

The fint accountin, problem iI to dotlDe appropriate concepts of output
aDd input. We define the nlue of output u 1l'0I8 "alue added from the point of
l'iew of the producer. For each leCtor we measure rnenne as net proceeds to

aauin-. 8nd~D (5).
....... compiJatioa ot aadooal acx:ount.ln COItItaIII prices hu been diKu..s lit' Stoue (3l)

and moI'eJ'CClllltly by BrodcridI: DJ. Durte (41 Courbil J:7L Fallrianlt (12), and GeuJ fl$).
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the 5CCtor aDd outlay al POlS cx.p8DSe1 ortlJc acetor. Our coocept of gross value
added is intermediate bctWClCD IfOU prodoot at market pricel and at factor ~ost.

as tbese tennI are collWlltionally employed. Tho vahlC of output n net of mea
on output while the ftlue of input is 8fOII of taXCI on input. The jullification
for this definition is that the maiD analytical uac of the procluction account is in
the study of producer behaviour. Re~nue and 01lt1&}' mUBt be measured (rom
the producer'l point of view_

In implementing the production account for the United States we confiDe
our attention to the printe domcatic economy. We cxdade lo~mment since
JOvernmcnt product il equal to labor compensation in the loYc:I11D1Clnt sector by
definition. TK se:rvicci of capital in the SOVCfnment lIeCtOl' are isnorcd, ISO that
prod1lCtion accounts for printe and lo~rnmcnt secton are not comparable.
Our CODCCPt of private domesti~01ltput treats direct taxes in the same way al in
the U.S. national income aDd product accounts. Howc-.cr. rather than include
or exclude aU indiRd taxes Crom the yalue of' output, we Oltc1ude indirect
business tues charged apiost 1fteOU8, such: as excise: or sale taxes, aod include
indirect businca taxes eharpcl to the producer IS part of outlay on productive
factors, such a. ~operty tues. Taxes on output reduce the oct proceeds of the
busillClS ReCtor and subsidies increase these: proceeds; accordingly, we add
production subsidies in arriving at the value of output from the producers
point of view.·

In measuring gross private domestic product for the United States our
treatment of eltcise and &ales taxes. business Dontax payments, and customs
du\ie$ is symmetric in that each is excluded from the value of output. Bxcise

. and sales taxes and nootaxes" are deducted from revenue in arriVing at oct
proceeds to tbe producer. Customs duties arc part of the outlay on imports
of commoditiel and services or the foreign sector and must be excluded from
value added in the private domestic sector.

In the U.S. national income ~nd product accounts the sc:rvices of owncr
occupied housing and structllrel utilized bynon-profit iDltitutionl are included in
the product of the privati: sector. The ft.OW5 of capital services resulting from
inveatment in bousil18 by OWIlGr...()CC1Jpilml ·and investment in structures by DOn

profit inatitutiona are not recorded "in market tranl8CtiOllS. The value of ~
larioe low ID1IIt be imputed from &Ita on 1'IlIltal values. The trcatmellt of capital
services from coosumen' durablea aud producers' durables UICd by non-pro6t
institution. iI not symmotric:al 'tIPitb tblt or housing and Btr1ICtmes. Purchaaes of
conlumers' dnrables are treated u part of personal consumption expcnditurea
and purchases of t-Oducen9 durables by non-profit institutions ate tceated as part
of priYate investment, but the ICI"¥ice fl.ow from these durables iI not included in
private product.

We treat the servicee or owner-utili;,;ed coosumen' durables and producen'
durables utl1ized by non-profit iIlatitutioDi IJIDmetrlcany with the services of
owner-oc:cnpied houlin, IUd the lInleturcs of DOll-prOfit iDStitutions. Purchases

.-rhe enlwltion 01 output from'" producer's point of view Ja cqui9alent to iocorporatina
indirect taus lnd1Ided in outla, OD. pmd.eliw facto... in factor c:ost. JU Stcme (]3) points oul,
output must be Cl\..luated at market prices ill ordllr' for value added 10 be equa110 deliwriea
to tlnaI demand.

'See [29J for • description mDontu payments included in tho u.s. uational llCe01lnts.
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of new COIllWUer1' clutabla and purchues of producers' durab1cl bJ institutions
are incl1lded.in priftte investmllllt. Thiachanpfrom the connations of the U.S.
national income and product account. leaYel the ftll1e oC the tobll product
uoaltcnd. We thea impute the value of serVices oC CODsumen' dunblCll and
produccn' durabka oWDed by iJIItitUtiOilI from rmtat valuea implied by tbe
imputed acmce low for oWlUlf-oceupiec1 houaDI and instihltional atrueturcs.
Wc add the resoltinl semce low to the product of the private lector. This
change incrcuta the nine oCthe total product aDd rcqwJeS data Cor the imputa~

tion of the rental value of thCllO capitallerYicea.
Given our definitions of output and input, we may delCXibe more czplicitly

tbe measurement of JI'OIS private domOltic product and CCOIS private domestic
factor outlay. The valUD of JrOII product is defined a. private .ross natiOilal
product less rest of the world product,II lea income oqillatiul in 8OYCI'DlDcot
enterpriscs.' plus the value oftbe.rn.ces ofconsumcn' dunb1el and producon'
durablcs utilized by ioatitutions.' less fodaral indirect buunea tax and nootax
acccual•• except Cor capitalltock tax,. lea ....e and loca1 indirect business tax
and DontllX accruals. except for motor ychicle HcenCCll, property tucs, and
other taxc~10 plus subsidies and leas current surplus of federal and state and local
8O¥eI'nment entet"jJdses.ll The n:aaItiD. value of grosa private domestic product
for the year 1958 ill presented in Table 1.

The value of gross private domestic factor outlay is equal to the value of
gross private domestic product by definition. The value of foctor outlay is the
sum of income originating in private enterprises and in private households aod
institutions,1II plus the imputed value of the services of consumers' durables aod
durabIes utilized byioatitutionl,u plus indirect businC9& taxes charged to the pro·
ducer u part of ractor outlay. as described in the detinition of Iross product.
The nlue of factor outlay also includes capital consumption allowances. business
trusfer payments, and the statistical disaepancy" arising from diff~ences

between the product side and the ractor outlay side of the production account.
Capital consumption allowances .re part of the outlay on capital services and are
included in the rental valoo of capital scmces. Businoss transfer paymellts aDd
the Itatistical disc:cepancy are taken'as part ofincomc from capital. The n:sultiog
value of arOSS Ilrivate domestic factor outlay for the )lear 1958 is given in Table J.

In separatiog the valuc5 of goss pl'oduet and gross faclor outlay ioto price
and quantity components, we find it useful to divide total product between
\:oD5umption and inycstment goods and total factor outlay between eapital and,

·AD JWftnmc:a to data.lf'OII3 tbe U.s. llaUoullneomo and product aceauBts wiR be to
77se NIIJf__/~..Prodtta At!IlIHfItl8 tJ/IM UII/" ~l929-I96S.SltIltlsIklII rain,
d~ '1' ,.SIInq of~ lI«siMa, AUIUSll966. heoccrOl'Wlrd NIP (28h and Ab
RqUIlIU naticlnal iacorne iuUC5 or the SIITN:1 tIl CIInIItt BaIMu. U1des! otberwise indicated.
NIP [2'], TdIIe 1.7.

"NIP (28J, Table I.n.
en.ese ...lues .... imputed by methodl dilcassed ill detail In our previous paper. (SJ.

SCCtioll S.
-NIP PI]. Table 3.t.
I-NIP plr. Table 3.3.
IlNIP I2IL Tabla 3.1 and l.l.
I-NIP l2IL Tallle 1.13.
~ footnote I, abow:.
If-NIP [2IJ, Table 1.9.
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"i'ABLB I
PIWDUCl10N ACCCJIUtCT. 0_ Puv.ua DoInnIc PaoDvcT AND PACTOIl OUTlAy. UNITED

SUDS. 1951 (CvIuu!rn' PDcu)"

PaoDUCT
J. hi... paa national JlI'Oduct (TalJJe 1.7) ..a5.2
2. - Incomo oriBI-1iq Ja~ _terpriaea (Table 1.13) 4.1
3. - Rest of rk world It'OD nadoDlI}1IOduct (Table 1.7) 2.0
4. + Savicaol~·4uraIIJe. (our Jmput8doa) lU
j. + Senk:es of clurablel_Jd ~ ialtitutical (_lmpulIltJDIl) .3
6. - Federal indirect businea tu and DCJIlIalt aa:n1IJs (Table 3.1) 1J .5
7. + Olpitalltoct tu crable :1.1. footnote 1) -
.. - saale and local iDcIi:ted bali-. tu and nontu accruals (Table 3.3) 21.0
9. + Bail_ motor gelride Iceaces C'hbla 3.3) .8

m. + lkuiness property taxa (Table 3.3) u.s
11. +Busiocsa oCher tua ('hIaJe 3.3) 2.9
12. + SubsidJcs lCM cUlTCftt aurpfua oCtederaJ JMW'lUIIeDt eakrpl'faes (Table 3.1) 2.7
13. - C'arrentlUll'lus of state ad IoallllOftrnment cntcl"prises (Table 3.3) 1.1
14. - Orou JlfiYate domestic product 418.4

FACTOf. Ovn..\y
I. Capilal COQIUIJIpUooaUowances (Table 1.9) 38.9
2. + Business trlIOICer paymaats (1'IIble J .9) J.6
3. + sa-tiltical~ (Tabk J.9) J.6
4. + Senk:a of c:oesumers. cllftblea (our imputation) ]9.8
S. + Scrvicn of d ....blllI held by inltltutioM (our lmputatiao) .3
6. + Certain indirect lIusinllla tues (product IICCDUDI above. 7 + 9 + !O + II) 17.•
7. + Income DrieI_li•• in buJineu (Table 1.13) 3!2.2
8. - lftcorne ociainaliaa in IDVCntmllQl enterprises (Tabre 1.13) 4.11
9. + Income ori&fatiq in housebolds and i",titutlons (Table 1.13) 1J...

10. = Gross private domestic. f'ac:lor OIItla, 411.'-

-All table Jd'ennces are to~ /lGff«uI/J_,~ flIId hodrlct A«!Oftlltl (111M U"iled Sltrur.
1929-1955. S'arlslfcal Tab/el. AS~ Il, Ifle Sw,.;, t1/' C.",mr BttsIl'Wn. AulU$f. 1966.

labor s«vices. In the U.S. national income and product lICCounts total output
is diYidcd amona durablcs and .tructun:a output (which we dcnote investment
goods output) and nondunblesaDd servic::es output(whicbwe denote consumption
roods output).I" Our dalinitioD oCdurablcs output includes consumers' durabJc5,
as in the U.s. national KCOUftts. Our definition of services output includes the
services of consumers' durables and institutional durables lIIong witb services
output included in the U.S. accounts. The output of the fOreigD aDd government
sectors consi!lts eotirely of services, 80 that we define the output of services by
the private sector U lICnicel included in gross national product,l' less the
product ofCorcip aDd goftlDJlleDt ecton (including pwemmcDt eoterprises).1"
plus the services of consumers' durables and durables utilb:ed by non-profit
institutions.

The value of factor outlay in the private domestic sector iocludes the labor
compeaaation of employees in printe ClDterprises and in priYlltc households and
noo-profit institutions,III plus tbe labor compensation ofself-employed personS.11

I-NIP (28J. Table 1.3.
I·N1Jt [21). Table 1.'.
"N1Jt (21). Tabla 1.7••.13.
uNU' [211. Table 1.13.
les.lf-em.ploJc4 pttflOlll include proprictOl'll lbld u_peid family wortec.. Altomatlve

medIodI for imputation 01 tho blbar COJJlIIen.1ion of file .1J.empl()Jllld lire Rl'riowed by
ICravla [27]. ....



TABLB 2
a.oa hIv...TS noe-ntc PaooocT AND PACroJl OunAY, 192!H961 (CIntDIn' PUC1)

We must introduce in_ numbera Cor· the price ofoutput f and the quantity
of ontput Y, deIlned lJl __ or the prices ft,} aDd quantities {l",} of the m
components. Difl'c:nmtiatina totally with respect to time and di'ridinS both lide& by
the corresponding totll1 value of output. we obtain:

q Y [if tlJ- + - lIZ EMI. - +- ,
q Y fll yt

with ~'Cights {WI} liven by the relative shares of the value of the ltb output in
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I. Gross 1.11lWlItIMIlt 3. coasumptloD 4. Labor 5. Property
PriftIII DoIDeItic Ooocll Product GGods Product QJm~n eompematlon
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We estima.te labor compeaadonofthe _f-employed by multiplying the compen
sation of employees by the ratio of proprieton and unpaid ramil, warba to
full-time equivalalll employees in each lCCtor. Our estimata of _-farm
propriaton and employees are tllose of the OfJk:e of Buainea Ecooomics.
OUr eatimatel ofnOD-farm UllJMid family wortora are thoee otKendricl, allocated.
amOllI seeton in proportion to the DUmber of proprietors in each llCdor, as
Kcodriclt SIIQl11t1. 0111' Cltimates of pertODl eaaaPd in the farm lector arc from
KCDdrJck.IIO lD effect we usume that for cecil sector the nerap labor compensa
tion ofproprietors and unpaid family WOlken is equll1 to awn. labour compen
sation of run-time cquiftleot employees in the ..me eec:tor. The seeton utilized
in cauyinc out thi. imputation are: (I) The farm leCtor-agriculture. forestry,
and fisheries, (2) mining, (3) COOtJ'aU contrtroetion. (4) nondurable manufacturing.
(5) dun.ble manufacturing. (6) transportation, (7) communication, (8) eledric.
gas, aDd sanitary services., (9) wholcsalc and retail trade, (10) finance, iOInr&ace,
and rea) estate, (II) services. Thia method of imputation i. only one of many
that have been proposed; Deuisonhas lllIPIied that the results atC! b"kely to be
biased in the directioD of allocating too larF a portion of proprietol'l' income
to labor compensation.u

An factor outlay not allocated to l.bor ia allocated to capital.2t SpecificaUy,
the value or ontlay on capital services includes the following: property income
of &elf-employed persons. the portion of proprietor's income not allocated to
labor' compeosation;profits,rmtBls,and interat ;capilal consumption allowances;
business transfer payments; the Itatistical discrepancy; indirect business taxes
that are part of the outlay on productive factors, such as motol vebicle licc&es,
property taxes. and otbel' taxes; and the imputed value of the &,,"ices or
comumen' durables and producers' durablcs utilized by instilutions.!3 Gross
private domestic product and factor outlay in current prices fOl 1929-1967 are
gm,n in Table 2. Total product is divided betwccn gross privatc domestic invest
ment and FOSS private domestic consumption. Total factor outlay is di"ided
between labor compeautioD and property compensation.

3. Pille.! AND QuAlfT[I'Y lNDa NuaeD.S

To separate fiows of product aDd factor outlay into prices and qRantities,
we introduce price and quantity indcll Dumber•. As an example, we consider tbe
value of output, lay q Y, introduced in the production account.!. Suppose thai
there are m compouenu to the ftlue of output,

qY-f1 Yl +thYa + ... +q.Y•.

-n.e. data bll¥e been compllecl r- John W. Kenclrick"a forthcamina stad,. P'fntJMI'
Pr._dlllll7 n...a IfI ,. Ullil"" 8ttIt_. tar 1M National Bmau ol &OIlOIIIic &cs.rch (2$1.
We are fJIclllbbd to Xeadrict tor proridlq 118 w1~ ..... claw in am.nc:c ofpnbIicatioD. Tho
~ bull r. COJIIIIiIatioll of the daIa.... 1IIIDa. hi Xendrk:Ic'. hHaelftllt, »'Mdr '"
". UrtIIwtl SltIIU 12451. 1'bII Oftb 01 BuIInese BcoDomlCI data 0l'I ....tarm proPrietors and
cmplCJ71181 ani from NIP 12BJ. Tables 6A aDd 6.6•

llo-iloG 191 ..... 4.
-rials is • COIISCQUIDCllI 01 the 1lCJCOUDtin, fdaltif1 bot'nal the nNe 01 output &IKl tile

...of ...... ·
-or aline componeIl" or JlOII J'&ctor oud&,. the _rlItlca1 diJctepqcy is the anJy

COIIIpoIIIDttbatmiptbeputl,.eaipedtoIeborCClllpllmallos. WuaumethatanycHaepancy
ftIIects ClTOR i. NJIOI1iaI prDl*t1 income rUhet Ib.. labDr mcomo.

Year

1929
1930
1931
1m
1933
1934
1935
1936
1'37.,lI
1'39
1940
IMI
1942
1943
1944
1945
1946
t941
19'48
1949
1950
19S1
1952
1953
1'54
1955
1956
1951
1958
1959
1960
1961
1M2
1963
1964
1965
1966
1967

Jo').O
89.1
17.0
51.9
'50S
moO
8.1
76.4
14.9
77.4
....9
93A

115.1
14],2
168.7
111.2
115.2
190.5
218.2
D9.6
236.1
269.1
301.3
3l3.J
3«l.2
343.1
374.7
396A
41U
411.4
4SU
-4n.s
481.2
-423.5
'50.9_oS
640.7
100.1
132.0

28.4
20.2
14.1
7.1
7.S

10.4
12.7
17.0
19.7
I.5.J
19.J
21.8
31.0
4'7.6

·&6
til.3
52.6
49.9
64.2
12.1
72.1
91.1
1~.2

101.2
IIS.J
110.9
1.2.8.6
13'.3
140.0
130.4
146.1
141..
147.4
163.5
11].2
lu..7
:IOU
W.6
m.t

74.3
59.5
SU
so..7
41.0
4!J.6
56A
59.3
65.2
62.1
65.6
69.S
78.7
95.6

108.2
116.0
122.'
140.6
154.0
1ti6.9
164.0
177.9
%01.0
214.9
215.1
131.1
m.1
261.1
%75.J
211.0
_.6
J23..1
3J9.1
:JIiID.O
m.7
41U
436.0
417.2
305.0

56.2
SL4
43.2
33..4
31.0
35.2
3&.3
42.9
49.1
4So4
41.9
52.9

"'"~II.J
H..s

IOJ.1
IOJ.3
11.5.2
132.9
145.9
143.S
aiD
177.4
181.9
2IlI2.7
200..8
216.5
134,0
245.9
W.I
W.5
271.1
284.1...,
316.1
331.4
362.7
397.1
423.1

46.8
38.4
".J
24.S
24.4
24.9
.10.8
33.S
U.8
32.0
36.0
400S
SO.8
61.7
12.2
74.1
71.8
15.3
as.3
93.1
91.6

112._
129.9
114.2
137.5
142.2
151.2
162.5
169.2
173.3
117.8
193.8
2m.,5
220.9
au
2'0.1
m.o
303.7
30..,



4. TOTAL PaOOUCT IN CONSTANT PuClll

We now tom to IepU1Ition of 11'011 product and polS factor outlay Crom
the production account ioto price and quantity indexa of prodlld and factor
iDptlt. Product is allocated between c:oD5Umption aDd inft5tment JOOds and
fador input is allocated bmfeE c:apilal Ind labor services. Coasnmption ,oods

. inc:lude nondurable ,oodl and tem:ccs; in-.eatment &ODds include dunblo goocls
Ind stroctlll'CL We COIIIlruct quantity inde~ nnmbon of output and or illAI
IIalca tor these t"o typell of output ftom data for the concspollding components
or IfOSI national product in conltant pric:u.1I5 Chanae in busincas inY8ntorics

-NIP [2I'J. Ta.bIeI l.S aDd U. gcept fOl'~ Sec:Ibl S 1le1ow.
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9+ r - (1 + INr.
We now define the value of output at market prices in teems orpria:&, quantities
and tax rates of the compoDents of output: .

.q+ :r .. Ef.+ It,
= E (1 + ti)q, T,.

Ptoceeding al before, we differentiate totally with relpCCt to time, obtaining:

(1 -+- t) q Y [(1 ... t,) qe it]--+-+- "",Ew, +-+- ,
1 + t q Y I + Is q, Yf

The rate of growth of the tax index 1+' is

(I ... I) (1 -+- tt.>
--= L't'S ;

1 + t I + II

rates of growth of the price and quantity indexes are the .me u before. The
effective tax rate i. tile tax iudex Jess unity.

Alaio. it is convenient to preserve equality betweeo tho product of price.
quantity, and tax indexCi and the Yalue of transac:tioos. Accordingly, we CODltrllCt
an index of taxes 1+t by di-nding the nlue of transactioll8 at market prices
by tbe ftlue of tran..ctiom at prodoocn' prices. The resulting tax index is
approximately equal to the Dima tax index defined for dilCl'cte points of time.

ddbaed as price and quantity index numbers. Acc:ordiqIy. we CODIUUct disc:Rte
DiYilia price iDdaell as the value in cummt prices dMded by tbe disc:rete
Divisia quantity iDcIex. The remltinl price iDdaCi are appraKimately equll to the
Divisia. price indexCll.

In de8ninl the price and quantity of output we diltinpilh between the
price represcntiol proceedt to the producer ad tile price peid by the ultimate
c:onstlmcr. The difl'ereuc:o bctwceD the two pric=I includes e:Ei1lC u.d nles taxes.
JUR as pric:o and quaDtity iDda. numbers may bedeftned iD tenDs ofthe pric:ca 8nd
quantities ofthe C:ODlponOllti of output. we may deAne a tax iudea. iac:orporatinl
the effective to rate. in tennI ofprices. quantities, and tax idesofthecomponents
01 outptlt. Let the market price or output q + eqtlal the pnxhlct of the producers'
price , and unity plus the efFective tax rate 1+ f. The ftltle or output at marJcet

prices is

These index numbel1 ha-.e been sugested u a discrete approximation to the
Divisia index by Tornquist [36]. ObvioU5!y. the dillCrete and continuous index
numbers arc equal if rclati-.e shares are constant If shares are not constant.
the dilcrete approlli.mation invoba an error that depends on the variability of
the rdatn-c shares and tbe lensth or the time period.

Vivi5ia index numbeD for ditcrete time are symmetric in data of dUreRnt
time periods (~imc reversal). They haw the basic reprodueti\'e property that.
discrete Divisia index of discrete Divisia indexes is a disaete Diviaia index of the
componeuts. Theil (34] hu demonBtratod that the IUm of chaolCl in logarithms
ofdiscreteDiviliaindtxes ofprice and quautityisapproximatclyequaltothechllDF
in the lopritbm of the~uc (factor revenal). The factor reversal tClt i. satilfi.ed
exactly if relative .hares are COnDDt; the aCC1ll'llC)' of the approximation
depends on the cbanac in relatin shara. A••practical matte&' thi. approximation
il Clttrane1y accurate for aDJll18l time series of national accotlnting aJII'CPtes
such a. consumption; 'Ibeil shows tbat the error llVOraaes only 0.01 per cent of
the mnual rate of JI'owth in the~ of c:ouaumption in The Netberbmcb for
the period 1921-1963.

It is convenient to have Ibe product of price and quantity Indexes equal to
the value of t£ansactioDl 10 that ItDdud lCCOuotiDI idonlities hold for Yariables

M'J'he llCGIlClmicIn~ fIl DRisIa fDdeaea 01. h*I. r.ctGt productMt, .. bea
dIIcu-.d 1117 Sol..,. [32J.IUchtu [311. a. JClGIDIOIl ad 0riIIcha (2)J.
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We define the price aDd quantity indexes ofUlitput in tenns ofrata ofJrOWth
of the prices aDd quantitiell 0(iadmdual componeDts; the rates or growth of the
price index q and tbe quantity index Y are

q f, t "it
- - Ewr-. - - 1:w, -;;.
q " Y I,

respectively. ThCR iD~ Dtlmberl are Dmlia price and qnantity indexes.u

Rates ofpowth of the DiYisia iodaa of prices aDd quautities add up to the rate
of arowth of the valllC ot ootptlt (fector rnersal tcst) and are 5ymmetriii in
different directions of time (time nMrI8I test). They also haw the reproducti-.e
property that a Divisi.a index 0( DiYisia indc:xa is a Divisia index of the
components.

For appl.ica.tion to data for cliec:rete points of time aD approximation to tbe
Divisia indexes for COIlUn1l0U. timeiI required. Price and quaotity index Dumben
oriJinal1y discussed by F"JSber [13) uay be used for this purpose:

logq, -lOlft-a - E wu[Io'f.. -lOgQ,,1_1],

log Yt - 10' l'i-1 -1: w"[lo, :ria - log l't,l-ll.
where the weights wit are aritbmetic averages of the relative shares in the two
periods,

Ute YIUU~ U.& IOUlIOUtpUt:
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m constant pricell i. ddlned a. the differeace bctweeD index numbera of output
8IId of final tala in COIlIbmt prices. 'I11e produc::t of the rat of the world md
10'lCmment uctora iI c:ompOled entirely of tenic:cs. The price index. for the
product oC each of these leeton iI usumed to be the same as for ICn'ic:es u a
whole. Quantity index num"" for the aerviccs of CODIUmerI' durables ILDd

iDltitutioual durablel are conmDtted .. put of our imputation or the value of
these aervicea ad will be dacribed below.

The yahm of output from the point of view of the produanlleCtOr exdudes
certaiD indirect buinea lues leis lubadia. The price of output b implicit in the
YaIue of output and tho qUBDtity Dutex of output described above. The market
price -oC fiDa1 salel il1ho price indu implicit in the quaDlity index of final sales
described abow .Dd the __ of fiDal _lea at market prices .1 CIIIeulated from
the U,S. national accoUDb, The tax index il implicit in the value or B.oal ules
from the point of ~ew of the producinl sector and the ftIue of final salel at
martet prices. Price and quantity indu. numbcn for arcss private domestic
product and fin.l ub from the point of view of the producing sector are given
for 1929-1967 in Table 3,

Wc require a division of output between consumption and investment
lOodll. Sales and excise tueI must bo alJocated between these two categories
of output. If taxcs were usessed oDly OD the basis of deliveries to .ftnal demand,
we could allocate them directly between in-veatment Ilnd consumption goods
deliv~rics. In fact a substantial portion or sales and excise taxes falls on deliveries
to intermediate demand; examples would include tues on airline tickets,
automobiles, gasoline, telephone services, and business machines. A completely
sati.sfactory allocation of these tues would require a detailed input-output
analysis. The data required to carry out this analysis on an annual basis are
unavailable.We haveallocatcd the taxe.sin proportion tothevaluc: of consumption
and investment goods output in the value of final lilies. This is equivaleDt to
Il&IUmiDI that the effective tax rate il the same for consumption and iDvestment
lOodL Price aod quantity bI_ IlUmbers for consumption and investment
goods output are Pren in Table 3. toaethet with tbe rel.Ufe share ofjn~ment
JOOds output in the nine of total output.

S, TOTAL FA.CTOIl INPUT IN COlUTANT PaICllS

The inpul of tile producing leCtor il divided between labor and capital
lUViceI. We pretent quantity indCDI for input oC eacb type, The coDitruction
of a qUlUltity index oClabor iIlput besi" with private domestic l*IOOS engqed;
our estimates of perIODS engaged are described aboYe.- Our ClItimatcs for the
Don-fum lCCtor are idcllticaJ to Ih~ of the Office oC BulliDCII Economics for
JUn.-time equiYalent employecs and proprietors; we add K.endrick'. wimatcs
of unpaid raIDIly workers to obtain total pel'1ODI enpgcd. For the rarm sector
we employ Kendrict·. estimates.!rr Persons engqed it l!lSICDtiany the stock of
labor and mUll be adjusted for houn utilized per person to obtain a measure of

-PetIoDs enlQCld lac1ude! fuQ-t1.. equivalent employea. proprieton. and IIIJpUd
r.mtJ1 wortaa.
~ rootno.. 20, aIIove.
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':-\~. .. quantity or labor input. Man-houn are also estimated by Kendrick and we
;~ ~lIIp1oy hil estimates flK the private dolDeltic leCtor,ll
;~.. Thc assumptioo that eft'ectiw labor .mcell are proportional to the Itoct
-: of Jabor il obviously iocornct. On the othar hand the usamption tha.t effective

tabot' senices can be measured directly from data OIl B1lUl-houra is equally
iDC:Olm:t, as Deniwn [8] hal pointed out. Tho intensity orel'ort varia with the
number of hOUD worked per week.~ that etrectiYe labor iaput can be mealured
ICCUIately only if data on man·hoars are corrected for'" Ilfredl of variatiODl
in the number of hours per man on .ectiyo kbot input. DemisoD. [lO] .ugest.
lhat Ihe stock ofJabor prorida an upper bound Cor efl'ectift labor acniCCl while
the number of man-houn provides a :tow. bound. He Cltimatel e8'ecUve Jabor
input by correcting man-hours for variations in labor hatenlit" We cmploy
Denison's correctioD for inteaaity, blat we apply this corMCtion to actual hours
per man rather thaD poteatial hours per man.

It is desirable to diltinBuish .mODI ou.tputs of diffBJellt types and to defla.te
each type of Olltput sepuateJy; similarl" it woll1d be dairable to distiDsuillh
among different categories of Jabor, dassi6ed by sex, race. Dumber of years of
schooling. OCCUpatiOR, age, and 80 00, Labor iuput is defined as a quantity index
of labor inputs of each type; cortClpOndins to the quantity iodex of labor input
lhere is a price indox (or labor representing the aggregatc= wage rate. Denoting
the quantity index by L and the price index by p£ the value of labor input ill the
sum of the values of labor inputs:

p£L ~ Ep/'Ljo

when: Jabor input of each type is measured in effective man-hours and tbe
prices are corresponding hourly wage rates, Proceeding as before., we obtain
indexes of the wage rate and quantity of labor,

p£ ill L Lt
r - E »rp;r.' L.,. ~ "r:t;

where tho weights {III} are the relatiyc .hal'Cl of each type 01 labor in the value of
tot8llabor input.

For each cate.ory of labor,mau-houn are the product of pemons coIJIICd,
say"" and eft'ectiyc houn per perIOIl..J 1,. no index of total labor iDput may
be rewrltteo:

t ~J Ii,
- .. EfJr + E FIr;-.
L "1 ",

Where N is persoD eapaed and B is eft'eclive hours per DJ8D, the ind~ may be
finally rewritten in the form:

L (;'J i)' G'l i)' N Ii- - E., - - - + E "I - - - +- + -;
L J N. ,ll N B

the fir. term is the change in Jabor input pet person due 10 ahifts in Ihe compoli
tion of the labor force, the secoDd is the cha.np in labor iDput per hour due to

USee footDOta 20. above.

29
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TABU 3
Oaml PIIlYAl'I DotGmc PAODUC'I' AND FINAL SAul. 1929-19G7 (CcMTAHr PalCil (w 1~58)

1. Gt'oa 2. Orcas 3. GI'ClM 4. Orca 5. Bft'cctiw 5. ~po ~. COaIv~ iI. In • IIlWl&lDlm 10. R.III:
Plinto Pmale Private Private Till Rate. tiOD Ooodl tioAGoods Goadl ~

_c
DomeItic DolI*tic I>ottlCltio 00Dal1c :Final 8&1. Product. Product. Prod~ Product. IJMItml
P~uduct, Product, F"mal SAlC1, P1aaJ Sa1eI. Quaatlty PtiaolDdeK QUantity Price Iadu 00acIf

Year QlIIImity PricolDd. QlWdity Price I1ld. IDda IAda ProcIDa
Ind« IDcIs

1929 llU 0.$43 IIS,lI 0.344 0.018 136.215 0.$117 n.7Il 0.509 0.276
1930 171.l o.m 172.2 0.523 0.019 132.291 O.5~ 41.253 0."" 0.225
1931 15U 0.- 160.9 0.486 0.02. 128.140 OM' 31.097 0.0453 0.113
1932 135.( 0.G.7 141.2 a.a 0.02'7 U•.28 0,43 17.642 0.405 0.123
It33 132.0 0.430 13S.1 0.420 O.CWO 113.191 0.422 38.54' OA03 0.1"
1934 141.8 0.423 143.7 0.422 0.0$0 111.234 0.432 23.064 0.414 0.173
1'3' U3.9 0.449 UO.9 0.450 0.047 124m 0A54 30.325 0..41' 0.184
t~ 171.S 0.""5 167.8 0.447 0.046 13U04 D.45O 41.077 0.41$ 0.223
1937 113.0 0.464 176.9 0.465 O.04S 13'.140 0.467 440620 0.<U2 0.232
193. 173.2 0A47 174.1 OMI o.o.u 140.1$3 0.443 3oU72 0,447 0.1"ItS' 1".' O~ IB6-' 0.4S3 0.044 146.1.7 0.449 43.155 OM% 0.221
IP40 205.5 0.4504 199.6 0.457 0.046 U3.77' O.4Jz ~J.26" 0.447 o.z.s,
1Ml 2.16.0 0.491 ~.4 O.4~ 0.046 164~ 0.419 73.01' O.5Oli 0.319
1M2 237.8 O.S" 253.1 0..$51 0.039 17'.'67 0.535 80.102 0.5. 0.332
1lS43 277.' 0.608 277•• 0.610 0.037 110.310 0.600 91.D66 0.618 O.3Jt
J~ .:z5I1.1 0.009 2PU 0.610 0.042 188.130 MI4 103.207 0.'94 0.*
194.5 28U 0.616 286'.' 0.614 0.049 192.218 0.637 91.600 0.561 0.300
1946 2'74.0 0.695 264.' 0.69J 0.054 195.802 0.111 77.297 0.646 0.262

..- •..--' ... -_.__.._•._------

w...

193.•" 0.794 IH65 0.749 0,294
210.3 0.710 0.049 0.777 0,303

1947 21U 0.710 20U¢Z 0.11' 93,j2,4
O.80S 293.1 0.801 1).049 91.200 0.191 0.)06

1941 19'7.6
0.793 0.050 206.017 0.796 0.339

1949 291.1 0.793 301.1 114.158 0.121 11U06 O.80J
321.0 0.811 O.O~ OJ" 0.346

1950 321.51 0.111 0.041 211.40( 0.880 122.921
OJ3'

J"1 351.4 0.114 341.0 0.871
237.32) 0.90' I2Uf4 0.110

0.896 0.041 0.339
1952 360.4 0.196 3S7•• 241.QI 0.• 131.1'-' O.B7'

37'.~ o.DI 371.1 om 0.049
2'C),]3'1 0.921 115.156 0_ 0.323

1953 371.6 00913 0.045 143.164 0.r.N o.3oC3
195A 315.1 o.g13 2Q.884 093'

Q.921 -'6 0.920 0.047 143.264 O.~ 0.341
I'" 406.7 0.951 0.047 272.994 0.9'6 0.337
195' 416.3 D.9S2 411.8 181.133 037' 141.'74 o.m

4Z2.1 0.912 421.7 0.911 0.046
1.000 130.421 1.000 0,312

19" 1.000 419.9 1.000 0.045 287.'~ 1440979 1.013 0.3241'" 411.4 1.017 0.047 300.7V 1.020
1.010 0.3U

1'59 445.7 1.0\1 oUl.l nO.OOS 1.044 147.263
1.032 0.049 Q.303

1~ "51.3 1.033 454.1
0.041 320.351 1.061 J45.736 1.012

1961 4166.3 1.045 464.4 1.04.S
334."1 1.0" 160..431 1.01' 0.312

.m.• 1.0'1 0.041 I.022 0.314
196'2 49'.3 Lon 0.041 346.%13 1.091 169.410

0.317
1M3 'IS.5 1.069 S10.0 1.0&

3153.320 1.106 111.165 1.030
1,012 531.5 1.012 0.041 196.323 1.D43 Q.S20

IH4 S44.1 1.106 0.041 3I3.~ 1.137 0.319
1965 519.2 1.106 570.9 406.587 1.174 D.no 1.065

1.13. 603.0 1.13' 0.044 2.06.903 l.ovr 0.310
I'GG 61'-' 1.161 0.044 424.326 1.190
lH7 631.1 1.160 W.4
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TABU ~

PaIvA'" Dcamnc L.uoa. J)lPuT. 192~1967 (CaNl'rAN'J' hEll cw 19$1)

J. P!Mte DomcIdc 2. EducatJonal 3. pri""te Dom.tic 4. U=~Labor J. Private Donadc 6. PrMIo nom.
Penmu ...... AtrainrDCllc Hours Per Penon Il\put ,. Hour Labor 1D,ut. LaborlDP\I&,

Year 0dil1i0Da) Per I'II'ICII1 (lad~ (Thousands Per ¥1Ilt) (IDda) Quaqtity Illda PrIocI...-

1m 44.151 0.836 2.579 0.151 l1U 0.324
1'30 41.191 0.840 2.!30 0.875 16'-4 0.311
1931 36.M1 0.844 1.494 0.910 U,.2 O.2'n
1'32 35.6•• ·0.... 2.409 0.916 141.7 0.236
11133 3'~33 0.851 U" 0321 141.6 0.2lS)
1934 37.154 US! 2.210 0.9'74 148.0 0.231
IUS 19.014 0.1$9· 1.260 o.~ 154.4 0.241
1"6 40.7'5 0.163 2.326 0.941 163.$ 0.163
1937 42.484 0.167 2.372 0.917 172.0 O.2t$
1s)31 40.039 0.871 2.297 0.930 161.' 0.211
193' 4l.443 0.87! 2.334 0.939 1a.6 0.290
1940 43.149 0.119 :1.340 00937 176.' 0.300
1841 46-'16 0.116 2.361 0.931 192.4 0.3S7
tM2 49.010 0.893 2.416 0.914 2OJ.I G.39.
IJ4S 49."~ 0.900 2.465 0.891 210.1 O.~

1944 ....6Q OJlO7 2.489 0.89' 20U 0.494
J94S 41.136 0.914 2.421 UJl 102.1 0..511
1~ 4SUSO 0.922 2.308 0.946 :m.4 O.W
1947 $2.:)50 0.929 2,2'2 0.962 ttU 0.51N

.,.,.:.~ ....~.
...

0.639
MI SUU 0-"6 2.:ua 0.96» 128.2

0.970 nu 0.647
M9 51.469 0.94:1 :un

22U 0.613
,~ .52972 0.941 2.!!n 0.918

23!).O 0.742
"I SSJOI 0-"4 2.18' 0.981

0.7120.980 241.7
952 5J."$ O.NO Z.117

0•• W.2 o.m
953 ,6.226 O,H$ 2.lS' 0.8460.990 23M
954 SUI1 o.tn 2.139

2"'.9 O.SIO

'" 55.711 o.m 2.161 0.986
2.UI 0,988 25U o.J3O

956 56.770 0.912
0.995 :z5l.S 037.

957 56.11. 0.911 2..121
1.000 ~.I 1.000

9.51 ''-023 1.000 1.099 1.042
1.122 0.99' 154.9

959 56.2lS 1.012 2.59.6 1.014
960 56.743 1.0:z0 2.126 0.994

1.1032.110 0.991 2SU
1961 '011 1.m

0396 264.6 U44
1961 Sl.078 1.036 2.117 I.JIO
1963 S7.540 1.043 2.117 0.996 261.5 1m
1964 sa.SOl 1.051 2.122 0.99$ 17$.4

om 185.3 1.271
1965 Q).~S 1.0$8 2.134 1.335

2.12~ 0.994 297.41'" 62.I:JO 1.067
0.994 305.0 1.38'7

1M7 63.1& 1.017 2.126

1
1
1
1
1
1
1
1
1
1

~ 1
1
1
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IUJll of the Jast two tI!nDI iI tlao Qaqe in total eft'actiw man-hours. Two~
01 "quality" adjUltlDeDts ue required to convert toml maa-houra to all i.'
of .....e..tc labOl'~D~ on tbifta in COIDpOIitlon of the labor foftII:
and the other based on ch..... in zelative hours worked. .

Quality adj1lltmcJlta of e«cetiw ll1aD-houn requiml to obtain an i~ of
labor input are DOt aYllilable in the detail that would be deairable. Kendrick
~ dift'erent catetories or labor b1 ind1Utry; 10Igeason aDd Grilicla
distinguish 1abOl' bJ yan of tehooliDI completed.- Both acijultments accOUDt
for chaDaa in quality ISlOCiated with chllDlCl in the composition of tbe labor r
force. We hue uted the quality adjustment Provided by Jorgenson and OriJiclaes
and extcnded by OrJliches8° to adjUlt for changes in the quality of labor dllC
to chan.. jn the edUClltiODal CODIpOSition of the labor fcxce. Our measure of
labor IeI'Vices iI bued on the doct. of labor' u measured by persona cnaqed,
adjusted (or ell'~ hoUD per perIOn aDd for cbuaes io the COIDpo.Iifion of
the labor force b7 educational attaiumeot. The cost of labor SCl'Yices index. is
calcultteci by dividiq total labor compeuation by the quantity index of labor
5ervjcel. The number of pertolll CIlPacd. the index of quality chaQF, &aul
houn per worker, effective labor input per mao-hour, and the quantity orIabor
input for 1929-1967 are given in Table 4. The price of labor services implicit i.
private domestic labor compensation is a1lo given in Table 4. It would obviously
be desirable to incorporate additional aspects of l1100r force composition i.
adjusting the stock of labor for quality cbaDge. It would a180 be desirable to
adjust the: number of houn per man for changes in the relative number of houn
worked by persons differing in educational attainment.

In a previous paper 31 we have constructed a quanlity index of capital input.
Thc starting point for such an index is the nleasurement of capital stock !
corresponding to each type of capital services. We have used the perpetual !
inventory methode. to estimate the level of capital stock for 5e¥en types of ~
assets--tand. residential structures, non-n:sidential structures, producen' i

durable equipment, nonfarm huiinesa inventories, farm inventories, and [
consumers' durable equipment. We have allocated each class of assets amonl r
four sectOl'S of the private domestic ccoDomy-corporation$, non-corperate I
business, households, and institutions. I

The lCCoDd step in the construction of a quantity index of capital input i
is to separate price and quantity components oftbe value of property coI1lpenll- !

tion Cor each sect« of the economy. Our method of imputation is based on the
equality of the value of IUl ass« aDd the dilcontinoed value of its services.
Total property compensation or the value of aU capital scmces is equal to the

''See lteDdrick (26) _1011 •ca ull 0tiJic:I.- (231-
NSee 11l1...... aud Gn1lclles [23J and 0riHcIaaa (21). We han utcded GriHc:Iaa'

esli.-tu bd to 1929, UliDanlatf~arnfoasrCll' 1939 aadestlmatesoltbeedueati..-J attain
ment of tile Iall. rOlQ tar 1'30 mel 1940 by P<JIaw and NUl U4J.

..CJuiItoasM mid JorllDOG 1'1.
-ne papotuU la*ltory melhod iJ dllCUlICd b1 Gollbmilb [lll and emplO)'llld exlcuivcly

iD - SIllily of~ 12101- more recent &tadies 01. U.s. .....1 wealdt lUi, 17, 191. Tbis
methaclll lIICd ia the OBe Ciqlhfl1 GtJoth Strlllyl22J lAd in the ctudy of capitalltoct for the
United Statn, 1900-1962. by T1c:e (3$1.
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or the wlucI 0( IltD individual capital lleniees. Each capital serricc Bow
.., be cxpreued u the &1lIIl of fo... terms. dependiq on the rate of murn. the

fa.. of replacement, the rate of c:apitalloues ICCI'Ued. aad the tax structure.
~:be rate of return for each 1CCt« is imputed lima lola1 "property compen

;," SIlion.
. 11te ftnal step in CODstruction of a quottty indelll or capital input is the

," _asuremeat of actual qnaDtities of each type of capital lenice utilized. For
Iud, in'Valtories, residet1tia1ltnJc.tures. and conaumers' durablel we anume that
actual capital services are equal to potential aenices. For non-raidential
Slructures and producers' <turables we adjust the potential quantitks of capital
scr'lice, on the corporatc and non-corporate sectors to reflect changes in relative
Illilization. Our estimates of rel.tive utilizatiOD are based on the coDlumption
or electricity relative to installed honepowcr of electric motors.

Our measure of capital seniceI is based on capital stoot for ea<:h asset,
...eightcd by potential aerYice prices, and adjusted for rot..liye utilization of
capital. The quantity iodex of capital input for 192~1967 is pn in Tablo S.
The price of capital ICmcos implicit ill private domettic twopcrty compensation
is also gh'C11 in Table S. To pro~de the basis for comparison of sources of srowth
of capita! input willi those for labor input we present data on capital stock.
)Kllenlial service 1Iow per unit of capital stock, and the relative utilization of
capital in Table S. Capital stock is • Divisia index of capital stock for each class
of 8net-COnlumers' durables, non-residential structures, producers' durables,
residential structures. non-farm inventories, farm inventories, and land. The
polenual service 1Iow per unit ofcapital stock is the ratio ofthe qhautily of polen
riall'oSS pri"ate domestic capital input to tbe index of capital stock. The relative
utilization of capital is the ratio of the quantity of actual to potential gross
private domestic capital input.

We can combine estimates of labor and capitalserviccs into an estimate of
Ral factor input foc the U.S. private domestic economy. The ba5ic data on
labor input-Dumber ofpersona ensased. educational attaioment per penOD. and
hOUR per penon-arc preaentcd in Table 4. The correspandinS data. on capital
input-eapital stock, potential senice flow per unit of stock. and tbe relative
utiliation ofcapital--uc presented in Table S. Pe~ons enJll.lled is an unweishted
stock of labor. The iodex of educational attainment per person pro~dcs an
adjustmeot for the agrep.tion bias that results from combining different types
of Jabor into an uuweiBhted q.,epte. Penons enpaed. adjusted for educational
attainment. must be multiplied by houri per perIOD to obtain the tlow of labor
scmces. SiDUlarly. capital stock fa all unwoilhtcd agn:pte. tU index orpotentia.
CI';'tal services per UBit Df tho capital stact proYida an a.djl1llment for tbe
agreption bi.. that ftlIlJ1ts from combining diKerent types of capilal by addiDI
toaether capital .:rYices weiJbtcd by asset prlca rather than ICrVice priees.
PotClllual capitallerviCC& must bo adjusted for relative utilizatioo to obtain the
actual ftow of capital services•

We COllStruet price aDd quantity index numbers offactor input by combioing
Divisia indexes of l.bor and capital input into a Divisia iDdex of total fa.ctor
input. The weishts for labor and capital are the relative shares of labot and
property compensation in the value of total factor outlay. Price and quantit,.
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TABU 5 and quantity indaxea for 1929-1967 are giftn in Table 6. The refative share: of
oaa. 'PuvA"III IboIInK: CAft'rAL IMPtn, 1929-1961 (em.rAl\o.'T P1uca ... 1958) propet:f,y CODlpel1l8tion for the lame period is 1110 liven in Table 6..... To provide .. cJecailed. accountiDI fot the SOUICCI of FOwth in real factor.... 1. Priw... 2. PotIld:l81 3. aeJMiw ... Pmate !. Private0 input. "we c:an separate the JroWth of quantity indeaes of Iabot' and capitalf!ffI »-de CapJt8l IJq1Ut VtI..tiaD Domadc Domestic

C8pi1at Sted pwuoltof ore-pita! Capital IDpat. eaphlInput. input into the Il'0wth of the stock. growth in the quantity of input due to shifts
Yeu C&pJtaI Stodt Qoantity Index Price Index in composition or sm:h un_shied aJlll'eptes IS perIOIll enpged IU1d capital
)929 ..., 0.116 0.110 81.' u.s33 stock or uquality chan••••• aod growth in relative utiliZlltion. The IJ'Owth in
1930 !J04.0 0.116 Q.I4I 17.8 0.437 labor input is the sum of arowth in the Dumber of penons enpaed. the quality
lUI _.2 0.116 0.118 14.0 0•• of the labor Con:c. and the effediYe number of honn pel' penon. 'The powtb in
1931 113.6 0.116 0.710 78.3 0.312
]'33 85U 0.114 0.804 76.6 0.311 capital input i. the Bum of growth in capital stock. the quality of capital, and
1934 123.1 0.112 0.83' 76.0 0.326 rdatiYe utilization. Ocomctric avenge anaual rates of growth for 192.9-1961 and

I"' 105.3 0.112 0.110 77.1 G.396 for the sub-periods 1929-1948 and 1948-1967 are given fot eech eompoDCDt of
1936 100." 0.112 O.l9(i 79.1 0.423
1937 105.5 0.113 UBI IlO.O 0.447 the growth of labor and capital input in Table 7.
1938 111.6 0.114 0.MO 77.6 GAll The sources of Jrowth in factor input may be aeea from a Berent peapcc:.-
1939 .9.1 0.114 0.192 8J.4 0.442 live Ibm. a similar decomposition of arowth in factor pric:es. Considering
1940 114.1 0.114 0.944- 87.0 0.465
1MI 130.3 0.11.5 t.OI3 96.2 o.m factor price iIldo&es that result from dividina total labor aad property compellU-

1M2 1S7.9 0.117 1.GS3 104.4 CUI9 tion by stock& of capital and labor. we obtain Iistock" taetor prices. These
1M3 "1.4 0.116 1.118 110.0 US5 prices do not IepIC5CI1t the· cost of factor ecnices since they tail to tate into- l!Ji44 134.6 0.116 I.1;U 107.8 0S6- account the aureaatiOn biUCI and YarlatioDl iD reJ.atiw utilizatJoa that mult be1M! 819.3 1.116 Ull 102.1 0.102

~Z IM6 112.3 0.117 1.831 97.2 0.114 eliminated in order to measure the actual colt of factor scmceL Wo may adjust
¢~ 1M1 lSI.3 0.119 l.osD IOU 0.105 labor and capital stoct for quality dlaDF; dividing total labor and propertyl1.tn 1MlI ....3 0.122 1.042 113.0 0.121
c Z compeD5ation by the resulting potential flows of factor services. we obtain
w~ J9<f9 934.6 0.12.4 O.9~ 11-4.9 O.IOS
~tn 19S0 964.6 0.126 1.028 12A.' 0.901 "potential" lenice prices. Finally, adjuatiDI labor and capital for relative:- ... 1fll 1021.4 0.127 1.036 J34.5 0.965 utilization we obtain the l.Clualeenoice prices. An three setl of ractor pikes arelEG3 J952 1068.j 0.129 1.01' J~.7 0.959

given in Table 8. The actual prlc:es are, of course. lhe price indexes of fabor and~u 1953 1100.3 0.129 1.037 J41." 0.9)2- 1'54 11)4.6 0.130 UI07 141.9 0-9SS capital services fcom Tables 4 and 5, respectively.- J955 lUil.:! 0.111 1.040 ISS.' 0.996 From these data. it is apparent that estimates of Ihc: growth in labor and
W 19S6 1213.9 0.132 1..G42 161.1 0.971

capital costs and the chaoF iD relative factor prica depCllld criticsJly on thetD 1957 !2S5.S 0.134 1.026 17J.51 0.913¢
l1. 1". 1187.9 0.115 1.000 173.1 1.000 method of measun:mcat. Consida, for example. the growth in labor cost. If

1m 130:5.8 0.135 1..G38 IIl.S Un8 we meuure Jabot COlt as l.bor compcnBatiOil per penon engqed. the stodt
lHO 1341.4 0.135 I.Oft 119.0 1.D2A

price oflabor from Table 8, we obtain rates ofsro.th of4.03 per c:eot from J929-0")
1961 1313.9 Q.131 I.OM 1M.J UN3N

l"]N '961 U9U 0.137 I.DS' 202.3 J.091 1948.4.72 per cent from 1941-1967. and 4.37 pel' cent from 1929-1967; these
l"]N

1M3 1436.7 0.133 1.062 205.4 1.139 rates of JI'OWth are ,iYen in Table 9 alon, with the growth of labor coItI tatinal"]r-.., 1964 1417.8 o.MO 1.016 215.9 1.IS8..a.., into account clwllI=S in the fIDIity of the labor Corce, the labor cost for polmtial
~C'4 1965 1324.4 0.141 1.091 m.o 1.235
N oo 1966 1512.2. 0.144 1.096 236,2 1.215 labor services and C05tI takiD' into account relative utilization orthe labor force,
~o JM1 1M5.3 0.14' 1.096 247.9 1.245 tbe cost for actual labor 1Cnic:es.'"~~ Estimates of the arowth of capital COlt or the rental price per unit of capital

~ index numben fo~ gross private domestic input may be represented in the form:
input may be .naIy7Jed in a IimOar way. The n:atal price per unit ofCIpital stock

- JI'OWS at the averqe annual rate of 3.66 per cent trom J929-1948. 3.03 per cent..,
from 1948-1961. and 3.34 pet cent for 1929-1967. Capital COlts taking intoIll..,

III ••
"0 IotPt - IoIPt-1 a: ~IJospl' - 101",,-1£1 + Vallolpl - logPI-I"J. account dlanaea in the qullity of capital. the potentia1low rental price. grows
~ ....
~ tol X, - 10' Xi-I ... v~[l~BL, - lOILe-l) + ~(loIK, - 1ogK't-l) -Quallt, ....... in tIMI .... It eqwfthat to ag:reptIOIl .... AtaaePtioG bfa. DIllY
.... '" be 1CIIIIMlI bJ tIeadnI ... COOJPC)MMts of ....te tact« Input ........ WlllbtiDleach
ai Clil

where II i5 tbe price index and X tho cplaDtity indc:lt, if, and ir - J -PI. lire CCMIlpClOCDt in proportion to ita ...11.. price. 'lbiI ill not to jmpIJ that ••, propcJlell HjlBtJDCllt......
~::; arithmetic aura.. of the rdath'e Ibares of 1tbM and property OOlDpCll8ation for quIt,JdIup 11 JqitlmMe. on. apJ'lOPdateDIIU oreech.~ .-beJudiH onJ1Ml
> ......

in total factor outlay iD the two periodl, pI. aodr are the price iodeol oC labor
buJI of etridenc:e Oft tho -0..... of ......CCIOIpoaeot& ct ...... r.etor input aucI thD

-N nJIItiye priceI or tho COJl1llOM8U. For farther diKtJ$lion, _ JllqDIIIOa ad~ 123).Wo
&i and capital iaput. and Land K are the corresponding quantity indexes. Price espec:id, pqet 2.59-260.
1IC
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TABLa 15
0- 'PIttvAU no.ntc PAe:teJa 1MftJ1'. 1!I29-IM7 (OMo."nAN't PIUCII OP USI)

I. Oroa PrI.... Dommie 2. an. Prin.to Dome&ric: 3. Property Campnua-
P.ctcM'IDpat. Qaalltity FstOl' Input, Price tion. Relathoe SMnl

Year IacIa Inda

more dowl, thin tho Itock RlDtal Price. nflectinl increases in tho q1llllity of
the caplaJ stock. MOlt of tbia improvement in quality took place durinS the
period 1941-1967, so that the potential senicc price fonow. the capital Ited:
price nther cIolIeIy during tbe period 1929-1941. Finany, tbe Ielati~utilization
of capi1aI has srown durinl tllD periocll929-1~7. so thlle the actual low I1:lttal

price.,oWl more "owly thaD. tbD pote1ltial8.ow rental price. Most of the arowth
in relative utilizaliOIl took pJ.ee durmS the period 1929-1941, 10 that the actual
scrnce price roDo," the potclltilll 1II'Vic:c price during the period 1948-1967.

Estimates of the leIpOosiveness of factor proportions to relaU'Ie ractor
priCCl allO depcmd 00 the method of ~mcnt.The aYerqc e1alticlty of
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TABLB 1
Sou.ca op OaowTa r.ol PACrOa INPUT. 1m-I"? (AJoruALPucmtrMa b.,. Ol' GIIO~TH)

:

U2
8.62
0..58

0.'4
0.67

-0.12

3.24
O.N
0.26

O.lt
0:14

-0.11

0.00
o.JO
0.19

o.t9
0""

-0.13

192.9-1'48 1948-1.967 Im-1N?

1. Capitm input
•. Stack
b. Qadty chaqa
c. Rdldft vtllizatlon

1. Lallar.t
a. Stoet
b. Qudlty cbanJll
c. Re1atiw udUzation

6. TOTAL FACTOa Plt.oouCTIVITY

The main applica1ion ofestimates of Ral produd, real factor input, and their
prices is 10 the study of production. We have illustrated the use of Telatin

atSa Solow [)2) ad &1OVl. OJcacry, Minhu. and Salow [Z). T'heir data 8re lor prifttc
noo-rarm IJfCMS ..tiolJal product fOl' the puJod 1909-1949. 11leir ..u-. or total fICIOf'
productjyjly (or die period ]929-I948r_ li'cm1.2SI 101.761 on. baseoC lIIlit,.ln 1909. ror
lID &¥e1'8F rate of pawtb of 1.8 per ceat pee year.
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substitution isdefined as tho'ratio of tho~ rate ofpoowth in capital services
relative to labor seniCCl to the a'ftlr.. rate of growth iu the..tate reJative to
the capig) savice price. Bltimatea of tbe _wop elalticity of I1lbltitution are
BiYeD fOl' each of the aImmativc methods of meanremeot in Table 9. For the
actual flows of labor and capital IOmCCl. the.~elasticity of substitution is
-0.25 for the period 1929-1948. 1.30 for 1949-1%7, and 0.19 for tho period as a
whole. Por comparison utimatea of the average eluticity of substitution hued
on man-hours of labor and the stock of capital. Ibc COllVClltions osed by Solow
and IUMequemly adopted by Arrow, Chenery, MiDha.. and Solow, arc -0.20
tor the period 1929-1948, 1.35 for 1948-1967, and 0.77 for tbe period &$ a
whole.3t

It is useful (0 compare the growth of product prices with the p'owth of
(actO(' COItl. Price indexes foc investment and consumption soods product arc
Riven in Table 3 above. The price of in~tmentJOOds product ItOWS at the rate
of 2.22 per cent pee year from 1929-1948, 1.81 per cent from 1949-1967, Ilnd
2.02 pel' cent for the period al a whole. The corrcspondiol rates of growth for
the price of consumption loods product are 2.22 per ceIlt per year from 1929
1948, 1.97 per cent from 1948-1967, and 2.05 per c:eot for the period u • whole.
Estimates of the raponaivenea of the composition of output to reJauve prices
of theec two typcI of p:odllCt may be obtained from the aftO&C elalticlty of
transformation. The avmaae elasticity of tlaDlfonnatioa i5 cJefined u the ratio
of the aterap rate ofgrowth ill investment100Mproduct rela~toconsumption
lOods product to the Itverqe ratc or JrOWlh in the inYellmcnt lOods price
reiatiYe to the coosomption JOC)dI price. 1latcI oC arowth of product prices and
aftf&ge elasticities ortransConnation for 1929-1967 and fortbe two aub-pcriodl,
1929-1948 RDd 1948-1967, are JiftO in Table 9.
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TABU &.
0..blYA'l'IDoMllTlc P"C'J'OI, PIucD.192!H967 (l~'8 - !.lXIO)

rill 013

..-

1. 1.&bK Colt 1. La_ COlt floIq 3. Labor Cost. from 4. Caph,' Colt ,. C.pital eo.t from 6. caPital Colt fro
Year "Slack" "PotentW" !'low ..Ae&ual" Flow from "Scock" "PotelKlal" Plow "Actual" Flow

1929 0.216 0.342 0.32A Q.3~1 0.4S6 0.5JI
19JO 0.275 Q.321 0.311 0.31$ 0.365 0.431
J931 0.249 O.29S 0.273 0.219 O.31A 0.391
J932 0.110 0.241 0.236 D.2U6 0.240 0.301
1913 O.tH 0.230 0.219 0.213 0.1$3 0.314
1934 OoD 0.244 0.238 0.224 0.270 0.323
1935 0.220 0.25' 0.1048 0.214 0.3012 O.!93
1936 0.236 0.17~ 0.263 0.311 0.374 0.41'
1937 0.259 0.299 O.28~ 0.331 0,395 0.444
1931 0.25$ 0.292 O.23J 0.291 0.343 0.408
1'39 0.265 0.303 0.290 0.331 0.3511 0.41.
19otO 0.21' 0.313- 0.300 0.370 0.435 0.~1

19011 0.313 0.3S] (1.317 0.137 0..532 0.52$
1942 0.373 0.411 0.398 0.534 0.611 0",,'
1943 0.436 0.484 0.4" 0.631 0.130 O.6SJ
1944 0.41$ 0.$24 0.493 0.660 0.767 0.613
194' 0.492 0."1 0.511 0.652 O.7S7 0.700 .
1946 0.518 O.sa O.~ 0.619 0.795 0.771

1947 a.m o.d14 0.594 O.74S1941 0.614 0.6"
0.842 0.801

1949 0.626
0.638 0.714 0.862 0.010.665 0.641 0.136 0.797 0.101IJ'O 0.662 0••

1.9.51 0.683 0.869 0330 0.90$0.723 0.7.5'19'2 0.742 0.5145 0.• 0.9"0.766 0.191 0.782 0.933 0.971 0.9591953 0._ 0•• 0.827 0.929 0.967 0.93219~ o.m 0.854
1955 0.112

O.M6 0.932 O.Hl O.J.15
19!6 '. o.m 0.1180 1.011 1.037

O_
J'"

0.925 0.942 0.930 0.9" 1.010 0.970
1951

o.m 0.913 0.971 1.001 J.OOI 0.J13
J'D

1.000 1.000 1.000 1.000 1.000 1.000
rHo

1.060 1.041 1.042 1.069 1.067 ).0211.10J 1.011
1961 1.137 1.106

1.074 1.07' 1.066 ).023
IH1 U03 1.09' 1.m J.043u!)O 2.1411961 1.236 1.1IS

1.144 U73 l.lSI 1.091
19M 1.180 1.211 1.119 1.1101.298 1.236
1965 1.229 1.2.58 1.213 J.1J6
1_ 1.3"6 •.2f1 1.171 l.3~6 1.2'1 1.183l.43S 1.S44
1'" J.335 1.426 1.336 Ul!)1.504 1.391 1.3'7 1.395 U8S 1.171
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TABLB 9
SOURCiS til'G~K lI" PJ'~UIllPMca 4JID hoDuer "-&; 1!u.nJunD Of SumnTVnON

A)ID~'IIOM.1929-1967 (A._u..... PlacDfrAOJ! ItA..... OP o.owTw)

1929-1941 1941-19611929-1961

I. 1.ahar CClII
L Stadt 4JD 4.71 4.37
b. PoIMtIal flow 3043 :1.98 :U1
c. ActUll Bow 3.56 4.09 U3

2. c.pilal CIOIt
•. Stoet Uti 3.03 )..34
b. Petmtia\ Bow J.3S :1.10 1.12
c. Actual flow 2.41 1.13 1.15

3.~ of .llbstltu4ioo
L Stoe:Il -2.8 1.40 Uti
b. PoteotId flow -16.15 1.36 0.64
c. AdIIalIlow -D.25 1.30 0.79
d. ACMS -D.20 135 0.11

4. ecn.mpdDllIOQdl PIke 2.13 1.97 2.05
S. IdllClllmalt aoocll prlca 2.22 1.11 2.02
6. EIaIticity of traaaf'cmnalion 6.13 -2.07 -15.10

factor proportions aDd relative factor prices in analyzina the reBpO.IlIiw:ness of
factor proportions to factor price changes. We have also analyzed the responsive
ness of product proportions to product price chaoges. We now consider the
application of real product and real factor input to the mea~u[CmeDt of total
factor productivity. We present a numbcc of alternative estimate!> oCtota! factor
productivity based on alternativc conventions about the InUStlremeot oC real
ractor input. We begin with llD estimate of total factoc productivity based on
the adnal Bow of labor and capital ICrvices. We compare this estimate with
alternatives based on potential BOWl of labor and capital services Bnd 011 stocb
of labor and capital.

The services or consumers' c1urablel and producers' dUl'ables used by
institutions arc allOCl.ted directly to final demand 10 that po",th in the quantities
of these anic:es does not a1rect Ifowth of total factor producti¥ity. Similarly.
the services oroMJer-OCC1lpied dweIliJJ81 and institutional struct~. arc allocated
directly to inalde:mand. In evaluatilll the relat.iYe importance orpwth of feal
factor inpul and of total fa«or productivity a, sources of economic growtlJ, it it;
meful to compare the relative proportions ofeach on the p'owlh of real product,
i ncludinC and exduding capital senices from the hOllsellold sector. We pmlt11t
estimates of tho relative importance of the sources of economic growth Cor gross
private domestic prochet .s we have cleftned it and for analoKOus IroIlS product
measufCS C1dudinl household durablc' and Ilrudurcs.

Total factor produetlvity is defined as the retio of real product to real ractor
input or, cquivalentIJ, as the ratio of the price of factor input to the product
price. Growtb in total factor productivity has a counterpart in gf()wth of the
pric:e Df Cactor input relative to the price of output. We may defiue a DMlia
index of total factor productivity, say P, as:

P, Y,' XI
101- '"" 101- - 101-.

Pt - 1 1'1-1 Xi-l
42

wbare Y is the quantity lodCll of total product and X is the qll&Dtity illdcx of
total (ac:tor input. Equivalently. the index. of total factor productmlJ may bel
defined as:

Pt Pc q,
log~-lo.--Ioa-,

p.-1 "-1 91-1

whore p il the price iDdeJ: of total factor iDput aDd '1 ii the price index of total
prod11et.31 The indeat of total factor productiyity for 1929-1967 corrcspondiol
to the quantity iadex of aroa private domestic product from Table 3 and the
quantity index of JI'OII priva.te domestic factor ioput Crom Table tS i. given in
Table 10.

The conventions for measurement orfactor scn:i0Cl unclerJyiD, our concept
of 11'011 private domestic fator input Uve ben employed by 10qcnIOIl and
Grilicbe&. Our CltimatA diffCll' from theirs in two sipflicant reapects: F'mt. we
ba,., converted their index of relative utilization to an anoual basis aud reduced
the ICOpe of adjustments of potential :Bows of capital aerYica for chaqn in
relative utiHzation. Second, we haw: measured tbe low of capital services for
Kdon diltinguished by legal form of orpnization in ordec to provide a more
detailed representation of the tax struelure. These differences have an important
impa« on tbe estimatc of total factor productivity.

Our conventiODi for the measurement of factor eervices arc not the only ones
cnlpl()yed in the measurement of total factor producti~ty. Denison and SoloW'
usc :l stDCt concept of capital input, measurinl Beithel" changes in relative
utili%ation Dor changes in the qualily of capital services due to cbangel in the
compo&ition of the capital stock." Deaison weilhts penons engaged by an
index of labor quality that incorporates tbe efl'lllCtI of IT'0wtb in educational
attainmeat but dUl'ers in a Dumber ofimpextant respectS from. thc iadex we have
1IIed.

37
Dellison also Idjusts mllO-houn for chsnpa in labor emciency that

accompany changes in hoUri per man.- Solow \UCS ullwdghtccl ma.botm,
omitting tho eftect& of ehaoSCS in the composition of tho labor fort'e on the
quantity of labor illpul.Ie Xcoclrick adjDltl labor and capital input foc cUolCS
in the indllllrial coJDFOsitioll of Jabor fORle and ca.pital stock.co Howver,
cbangel within an iadUltrial aector due to _billa in compOlition IU'O Dot included
in hit measures of real factor input.

To pl'o~dea basi. for COmparilOll at our .wnata of total factor producti
\'ity with estimates that result from altem.tift CODYeDtiOO!l for tbe measaremeat
of real factor input, we present measura 01 total factor productivity based on
potential service ftows and OllltocQ of labor aDd capital in Table 10. The first
variant on our estimato or total factor productivity omita the nl8tm: utiJiDtion
adjustment for capitel, the seeond omiu the relatiYe 1ItJ1iution acJ,fDstmeat COl

'-Par further disc..... or tblI ilIIdIlt of tDfal Ilaetar prodadlYit" Me1~ aad
0riIidIeI [23L CIpeCialry paps250-Uf. Tho lX~nain_ altotat &ctw prodacdvJt, delt:ribod
bt dIIllat is a dllcrete a)lJll'Vlllmatio to til, eoatiIluoul D.... iIIda 4fteusIed '"Jo~
and CJdlId..

-see o.riIoD (1If, ....M-!I9. ad. Solow [)2), JMII8 315.
.....DoIafIo. (t0l. 1IIIIpIl:laH, IlQII ~n.
....DIm.... (llJJ, 1ll*id11 ..... 3$-41.
.... SoJow132L .... SI.5.
·asce ICIDlIdc:t l26J, ap:daU, PIlla 252-".
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TABLE 10
TOYAJ. P~ PaonuCTM1"lt. 1929-1961 (1951 - 1.000)

~015

t

I. LabClI' &lUI 1. Aceual Labor 1. Potential Labor 4. PoleGtial ~I' S. Labor uad 6. ActuII Labor 1. UA_1b&cd
y- Capital ServfC81 s.mc.; Pot-.lal ad Calital Services; Capital Capital S&oCk SGnicM; capital Man..J1oun; C&pit,Il

CApital s.me. Sa"fiCeI Stack Stodt Stoc*

1!n9 0.'726 O.6IJ 0.707 0.664 0.599 0.644 0.530
1930 0.680 ·0.631 0.651 0.614 0.555 0.39.5 OAH
1931 o.m 0.600 o.em 0.$91 0..536 0.S65 0.483
19)1 0.614 0.'.50 O.S61 0.533 O.A14 0..511 OMS
1933 0.4504 0."" 0.564 0-'21 0.410 0.511 . O.A4J
193' O.iSI' 0..586 0..596 0,5'1 0.$04 O,S4.3 OM?
1~3S 0•• 0.627 0.6otO 0.5513 0.543 0.581 O.SlS
1936 0.714 0.6'19 0.696 0.64' 0..592- o.m 0.SS6
1"' 0.131 a.• 0.71' 0.669' O.6JS oao 0..511
193' 0.734 0.6"19 0.69$ 0.649 0..599 0.634- 0.""
1"' 0.763 0:124 0.743 U.694 0.642 0.676 0.601
1940 0.111 0.766 0.716 0.73' 0.612 0.716 0.631
15141 0.826 0.8%' USI 0.799 0.7oW 0.777 0.692
1942 0.'" 0.855 0.811 0.831 0.778 0.801 0.715
1943 0.172 0.91Z 0.941 O.BII 0.834 0.860 0.1$1
1'44 0.925 0.969 1.00' O.!Uli 0.193 0313 0.107
194$ 0.,," 0.913 1.004 0.945 0.'96 OJH6 0.822.
1946 a•• 0.908 0,930 0.878 0.836 o.SJ7 0.790

..._- ..... - ..... --

15147 0M2 0.17'1941 Ua o.UC O.US 0.'.52
194' o.m G.I9O 0.~11 0.&76

o..B 0.13' 0.7121950 o.P3' 0.5* 0.904 0.11'
0.143 0.8a 0.81419'1 O.MSo.Jof4S 0JJ60

O.Hl 0.93.5 0.1'1 0.1111'51 ON o,g~
U71 0.94'

O.P06 0.922 0.112I'S3 0."7 0.923 0.931I"'"
0_

0.912 O.H' 0.927 U02
O.J74 o..m 0.9510 0.974 0.954

0.93. O.JCM1955 1.(106 1.022 0.982 0369 0"", G.9U19U 0.993 1.0JI 0.953 0.9641.010 1.020 O~J'$1
0_

1.011 1.006 1.0J2
WI 1_ 1.012

1.011 1.001 0••

l'H
1.000 1.000 1.009 1.002 J.004 0._
1.01S 1.000 1.006

lHO 1.01'
1.0304 1.031

1.000 1.000 1.000
0.996

IMI 1.05' ].039 1.046 1.000
1.032 LOCO 1.043 1.03$ J.O]91962 1.00 1.04f 1.041 1.0'6 1.0391.015 l.Os.6 1.1*190 1.076 1.088 1.097

1.On
1.~3 1.Q6II'M 1.OS1 1.104 1.106 1.1 to ].120 1.094

INS 1.130 1.134 1.J4'7 1.114
1.1t! US7 USJ UI.! 1.11' J.14119f6 1.129 1.1&2 1.141

'''' 1.1'4 1.17'
LlI7 1.22. 1.J71

1.114 1.1n 1.211 1.111 1.2151.16Z 1~, 1.Jl)71.204 1.156 ].2G
1.199 1.247



•.....
o
19

o.D...
COl

~~
a.fI)

~~
zfl)

~e
o.D...
COl
tD
~
a.

~

"l"I"
l"I"
l"I
l""~

o.De?

~"
~CIO
NO

«>
~IJ

~-
51=
NCi_....
l:i.....
j;iGl......
Clt-
COl"
:> ......
-N
COlO

&f
a:

labor; the second. variut iI baed OIl potaltial service floWl for both labor and
apital mput. The third variant omiU the quality adjultlllC1lt for capital. while
the fourth omit. the quality adj1lltDIeilt for labor, pnrddbq a stoCk meaRlIe of
total fllClOl' productivity. Two:fiaal vuiauts pl'O'flde combiaationl of altemativc
measures of labor JDput wiall the atoct 1fte1Alr8 of capital. The ftfth combines
actualla.bor input witIJ. tile Itock atcapital, while the Mxth combioes unwelghted
actoal man-hours with capital stoc:t.

TABLE 11
OaOWTH 1M 'TOTAL FAC'n* PIIODucn:"n. 1929-1H7 (AYBUOI AMMuAL bTU or GtlOWTll)

1929-1M8 1941-1967 1919-1967

J. Ac:tu11abor ad capit8l
IllnIca 1.03 1.23 1.13

2. Actual labor 1U'l'ic:es;po...-,_taI terViceI U2 l.]~ 1.11
3. PotedtiIlt l.bor and capital

IelYiccs 1.34 1.21 I.3J
4. PotctallabM.me-;

capital stock 1.46 1.67 1.56
,. Labot lIDll capital stedt 1.10 2.10 1.95
6. Actua11abor $IlI'Villes;

capital stock (DeDIIoo) 1.54 1.14 U4
7. ~hO\lD nil capital

lItoclt (Solow and ACMS) 2.26 1.1S 2.7.'

It is obvious from a comparison of the altemative estimates of total factor
prod\lCtivity Il~n in Tabte 10 that the results are highly sensitive to the choice or
conventions for measurill8 real factor input. The dfccts ofvaryinl the conventioD~
are summarized for tMperi0d5 1929-19018, 1943-1967, and 1929-1967 in Table 11 ;
pomctric averaae annual Rtel of srowth are Ik'cn for each variant of total
ractor produetivity.

Finally, to evalua.te the relativeimportaDCC ofsrowth in real factor ioput and
JIowth io total factor procIuct.i"tJ U sources of economic growth, we consider
tbe relatiw JKoportion ofarowth in reU factor input rot' two alterative conc:cpts
of real proetuc:t-inc:luding and ClIc1udiol the capital input of the household
sector. Geometric avtn.F annual rates of arowth arc given foc real product and
real factor input, induding and ucludina household capitalacn1ces, for 1929
1967 in Table 12. The relative proportion of JtOWIh in total ractor productivity
in tbe srowdl of real product is also provided for both concepti oereal product.·1

We.flnd that the arowth in raJ factor input predomiuatcs in the aplaDa.t:ion
of the ,..owth of real product for the pedod 1929-1967 aDd for eaell of tbe
sub-periods, 1929-1941 and. 1948-1967. These &adinp arc directly contrary to
those of Abramovitz {II, Kendrick (261, aDd Solow [32], in earlier studies of
producdvity c:hanac. We ·ha.ve estimated real factor input 00 tile basil of capital
stoclc and ac:toal man-hours. the conygtions used by Solow IDd IUbseqvcntly
adopted by Arrow, ChencrJ. Minhu, and Solow (2], for 1929-1967. The Rsulting

.1DlrDito1l [101, ..... 141-149, emploJ'l ... utioaal~ Solow (32L pqo 315,
emploJapri-.. JlDDofi.nn, IJ'OII aatiOMl prOdtIct. md Kendrick rut. paps 321-342. em.pIoy$
both JTOII nationel pcocluet aDd MIt natloaa1 prGdact.

46

TABLB 12
TJUJ 1.la.AnYJIIMPOnANCJl OP PIIooucJrmy CIIANrD. 1921)...1967 (A\'ftA.ot! ANNUAL RAUl

OPOaoImr)

lJ29-IHI 1948-1967 19&-1967I. aro.pdyate domeatlc JlfOChJc:t
RaI.-.r.ct

2.37 1.96 116Real factor input
1.14 2.73 2.CI4TOfaI ractor~
1.03 1.23 1.13...... proponioa or Pl'Od8ctfftt.J chqe
0.43 0.31 0.362. 0I0Il ....... domeItic product, QChldfq

JIcraIehaId capitIJ -Ykes
ke.l1lIGd~

1.54- 3.10 3.12.... r.orinpUl
1..M 2.21 1.91T"Ixtor prodaethity
1.00 1.42 1.21ReJathe PfOJJOttIou of PI'OdoctI.u" cbaQIe 0.» 0.31 0.39

e!otimat.es or the diltribntiOl1 of the IfOMh of real product betweou arowth in
real factor input aJld total f"aetor proclucti~ty arc com.,..ble to thosc ofSolow's
earlicr study. On lbil buis total factor productivity StOW'S at the average rate of
2.25 per cent per year while real factor input arows at 0.91 per cent per Jear.
Our cstima~ aiveo in Tabfo 12, arc that total factor productivity srows at
1.13 per cent per )'Car IDd real factor input at tile rate of2.04 per cent per year.
Total (actor productivity accounts for 36 per cent of the growth of real product,
while rcal factor input ac:counta for M per cent of output sfowtb.

We ha¥c also extended "timatea of real factor input based on capital
uock and ItCtuallabot- input. the convcntioDl adopted by Denison [10], througb
1967. !>coison's estimates of the Jrowtb oC Jabor input lUll concept..lly similar
10 OUr OWn aDd his empirical results are cIOIdy comparable to oun. We fiDd that
estimatca of .real factor input based OD the conventions used by DenilODSUggcsl

that total factO(' IKoductiYity JI'Owa at the awra&c rate of 1.64 par cent per year
wllile rnI factor input grOWl at 1.52 pet cent per }'ear. The diacrcpaocy betwccn
our estimate., RiftO in Table U, and those oC Denison is accounted for almost
entirely by our adjUltmCllti 0( tbe measure of capital input for q1l&lity change
and relative utilization. Denison hat incorporaled about half the JtOwth in
real factor input OWl and abaft the arowth ofca.pitalltoct aud actual man-hoors
into his estimates of real (actor input.

FiDalty. a1thoup Jromh in rnl fador input predominates in the II'Owtb of
real product, we estimate that ebaD,...iIl total produetmty 8Ie nbltaatiat (or
1929-1961 and for both the aub-periods we ha~ CDalidaed.. The conc:lDlJon of
JorlCDson and Griliches [23] tllat productiyity lI'o1rtb is negligible must be
reviaed IICCOrdiu,ty. n~ maio dil"oraces between our estimates and those of
10l'&cDlOD and Griliches are in the JllCUnremmt ofcapital. We have incorporated
the eft'ects o('ll][atioo in peatcr deWl throu&h leparauon ofproperty compensa.
tion by Iepl form of orpnizatiOll. However. the dilcrepucy between our
empirical results and thOle of]orxeuson and Orilichcs ia primarily accounted for
by our mcaanrement ot the relatile utilization of capital. We have reduced the
scope of the adjustment for relatift ub1ization by coldlnnin. it to depreciable
assets in the corporate and non-c:orporatc scc;ton. Second. incorporation of
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aDnual estimates ofca.pacity to c:ontumB ekctrlcitY aDd. actualdedridtJ coosump·
tion yaoltl in the allocation of the total pwtb in ...ti¥c Blilizatiun fot the
period 1929-1967 to tho period 1929-1MB. In the relatn'e utilization acljustmaDt
of JOrpllBon and Oriliches. almOlt aU of the growth in rdati-.e utilization was

allocated to the period 1945-1965.

7. SU)lJllAllY AND COtofCLUSIoN

I
I.

I
1
•

Of labor aod capital or poteIltial flows of' labor and capital eeniccs dift'er
substantiany lrom these eltimates.

We have measured toUlI factor productivity in tho United States tor the
period 1929-1961. Thia study CldaDds the analym of productivity chan. by
loraeMOll md 0riIic:hes (23J. First. we have proYided mcasuremClltl for a
considerably lonler time period than tlle time period 1945-I96S used in their
stadJ. Second. we hue analyzed the Il0wth of real f.clot input in more detail.
ODe importantebenae is the refinement of the measurement ofrelative utilization
of capital by incorporation ofannual data on capacity to consume electricity and
on actual electricity COOIUmption. A BeCODd important change is the separation
of property COmpensatiOll by lepl form or orpoizatioo. This chanp enables U5

to incorporate the eft'ccts of taxation orincome from capital in a mOle satisfactory
way.

Althouah arowth in real factor input predomiDates in tho arowth of real
prodoc:t, we .mate that chaqea in total factor productivity 8l'C substalltial
(or 1929-1967 and (or both tho sub-periods we ha..., COJI8idered. The couClusion
of lorpDlOll and OriHches that productivity JI'Owth i8 nqlipble must be
revised ~dinslY.
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